Recently refined evolutionary theories propose that sexual selection and reproductive conflict could be drivers of speciation. Male and female reproductive optima invariably differ because the potential reproductive rate of males almost always exceeds that of females: females are selected to maximize mate 'quality', while males can increase fitness through mate 'quantity'. A dynamic, sexually selected conflict therefore exists in which 'competitive' males are selected to override the preference tactics evolved by 'choosy' females. The wide variation across taxa in mating systems therefore generates variance in the outcome of intrasexual conflict and the strength of sexual selection: monandry constrains reproductive heterozygosity and allows female choice to select and maintain particular (preferred) genes; polyandry promotes reproductive heterozygosity and will more likely override female choice. Two different theories predict how sexual selection might influence speciation. Traditional ideas indicate that increased sexual selection (and hence conflict) generates a greater diversity of male reproductive strategies to be counteracted by female mate preferences, thus providing elevated potentials for speciation as more evolutionary avenues of male-female interaction are created. A less intuitively obvious theory proposes that increased sexual selection and conflict constrains speciation by reducing the opportunities for female mate choice under polyandry. We use a comparative approach to test these theories by investigating whether two general measures of sexual selection and the potential for sexual conflict have influenced speciation. Sexual size dimorphism (across 480 mammalian genera, 105 butterfly genera and 148 spider genera) and degree of polyandry (measured as relative testes size in mammals (72 genera) and mating frequency in female butterflies (54 genera)) showed no associations with the variance in speciosity. Our results therefore show that speciation occurs independently of sexual selection.
INTRODUCTION
proposed that sexual selection and divergence in female choice was an important stage through which species could become reproductively isolated. Experimental evidence shows that divergence and subsequent assortative mating-preference genotypes can evolve (e.g. Houde & Endler 1990; Andersson 1994; McMillan et al. 1997) . In this study, we explore whether sexual selection, that leads to male-female conflict over reproductive optima, could influence the potential for reproductive isolation and new species to evolve, by measuring generic species diversity in relation to variance in measures of the strength of sexual selection and conflict across mammals, butterflies and spiders.
Sexual selection is recognized as a variable force that can facilitate reproductive isolation and speciation (e.g. Turner & Burrows 1995; McMillan et al. 1997; Seehausen & von Alphen 1999) . In taxa where males have been under more intense sexual selection leading to greater variance in reproductive success across males, spe-ciation can be encouraged via Fisherian runaway divergence, leading to more rapid isolation of populations (Lande 1981) . Recently, this phenomenon has been explored in more detail by considering that sexual conflict between males and females, as a consequence of sexual selection in general, can exert an effect. Parker (1979) identified the potential for reproductive conflict between males and females to influence speciation over 20 years ago, and there has been a recent resurgence in theoretical attention to the possibility that speciation could be influenced by sexual selection and conflict via a number of routes (Parker & Partridge 1998; Arnqvist et al. 2000; Gavrilets 2000; Gavrilets et al. 2001) .
Sexual conflict is a fundamental phenomenon within the general force of sexual selection. Conflict between male and female reproductive interests has been recognized at a number of different levels from whole organism behavioural divergence to intra-locus genomic conflicts. At the mating strategy level, Bateman's (1948) classic Drosophila experiment exemplifies the fundamental differences in selection acting on male and female reproductive optima: males are limited by numbers of matings while females are limited by offspring production. More recent work on Drosophila melanogaster shows that males produce seminal substances that are toxic to females (Chapman et al. 1995) , and that relaxation of sexual selection through enforced monogamy leads to less 'harmful' males (Holland & Rice 1999) .
Males almost always invest less in direct progeny production than females (Trivers 1972) . Males therefore invariably inherit a reproductive strategy with an intrinsically greater potential reproductive rate than females (Clutton-Brock & Parker 1992 ; see Gwynne & Simmons (1990) for an exception of role-reversal), leading to a male-biased operational sex ratio (Emlen & Oring 1977) . Male reproductive success will therefore usually be strongly influenced by the quantity of mates, while female success depends more upon mate quality. This asymmetry leads to sexual selection generally acting on males, and leads to sexual conflict over mating optima: males can be selected to mate with females that are selected to reject them, and males typically have a higher optimal mating frequency than females (Parker 1979) . Clutton-Brock & Parker (1995) theoretically reviewed the abundant evidence that females suffer forced copulation, harassment, intimidation and punishment in a wide variety of taxa and that this coercion is costly for females. There is some evidence that females can gain benefits from multiple mating (e.g. Andersson 1994; Tregenza & Wedell 2002) , however, because males possess a greater potential reproductive rate and females can suffer costs from mating, polyandry is almost always more beneficial for male fitness than for females (Parker 1979; Clutton-Brock & Parker 1995) .
Recent theoretical studies have addressed the potential for sexual selection and conflict to be a catalyst, rather than a product, of evolution by playing a driving role in speciation. It is clear that mate choice and reproductive isolation are important components in the speciation process and, although there are examples of species recognition driven by male choice ( Jiggins et al. 2001) , it is invariably the female that evolves a mating preference for male traits (Andersson 1994) . Females have a lower reproductive potential, and therefore will be more discriminatory than males. When sexual selection is elevated, there is greater potential for different avenues of speciation to evolve and for barriers between hybrids to evolve (van Doorn et al. 1998) . Because females tend to be the 'choosy' sex, when hybridization generates marginal costs, selection will act more intensively on females to be the selective sex. By contrast, under situations of incipient speciation, males (with a greater potential reproductive rate) will be less discriminatory. This male-female phenomenon exemplifies the fundamental conflict between male and female reproductive interests within sexual selection. Recent theoretical attention (Gavrilets 2000; Gavrilets et al. 2001) has been paid to sexual conflict and speciation by considering asymmetries in any male-female conflict from a quantitative genetics approach, such as an intralocus conflict over inheritance and expression of genes which benefit one sex but not the other (Rice & Holland 1997) . Gavrilets (2000) and Gavrilets et al. (2001) theorize that an enhanced male-female arms race is generated when sexual conflict intensifies (see also Parker 1979 Parker , 1983 . The resultingly increased adaptations and counter-adaptations facilitate an increased diversity of male-female reproductive strategies from Proc. R. Soc. Lond. B (2002) which reproductive isolation, and therefore speciation, more readily evolves. Evidence for such increased dynamism comes from the diversity of male genitalia evolution in monandrous and polyandrous clades (Arnqvist 1998) .
Two comparative studies test the theory that enhanced sexual selection/conflict leads to higher speciation levels. In passerine birds, species diversity is higher in sister groups where sexual selection has increased sexual dichromatism (Barraclough et al. 1995) . Arnqvist et al. (2000) examined more direct sexual conflict effects on speciation by examining monandry-polyandry. In a metaanalysis of mating patterns and speciation across insects Arnqvist et al. (2000) showed that polyandrous taxa were four times more speciose than their most closely related monandrous sister taxa. This study therefore provides support for the hypothesis that increased sexual selection and conflict through polyandry encourages speciation.
In contrast to the traditional predictions that sexual selection (Turner & Burrows 1995; van Doorn et al. 1998; Higashi et al. 1999) and sexual conflict (Gavrilets 2000; Gavrilets et al. 2001 ) generate higher levels of speciation, a more counterintuitive theory (Parker 1983 ) predicts a contrasting effect. Parker & Partridge (1998) used an evolutionarily-stable-strategy-based approach to consider how asymmetries in reproductive interests could lead to variance in the promotion or prevention of reproductive isolation. In taxa where males are successful in overcoming optimal female reproductive interests and preferences (i.e. males are 'winning' mating conflicts and inducing matings against female resistance), then speciation will be hindered because specific male-trait-female-preference associations that could eventually lead to reproductive isolation are constrained from evolving. By contrast, when females mate at their own optima, specific preferences cannot be overridden by the enhanced male urgency to mate. Female resistance and mate choice are therefore able to persist and evolve (rather than being diluted/mixed at each generation), eventually leading to reproductive isolation (Parker & Partridge 1998) . In other words, the Parker and Partridge model hypothesizes that conflict either constrains or promotes speciation depending upon where the mating pattern resolves relative to the male or female reproductive optima; patterns close to theoretical female optima promote speciation through the evolution and maintenance of trait-preference associations, while patterns close to male optima constrain speciation by the constant overriding of female preferences and therefore genotypic dilution and intermixing of potential reproductive isolation avenues. The guppy (Poecilia reticulata) system exemplifies how this model might apply: populations are clearly differentiated and locally adapted (Magurran 1998) but no reproductive isolation has occurred despite controlled experiments revealing the potential for female mate choice (Houde & Endler 1990) . In this fish, however, males continually harass females for matings and succeed in forced copulation, and this successful male strategy may circumvent female trait-preference avenues and constrain reproductive isolation (Magurran 1998) . Parker & Partridge (1998) therefore dissect apart general variance in sexual selection to consider how male-female conflict within sexual selection could affect speciation.
In this study, we test the sexual selection and conflict models by exploring comparative variance in speciation across mammals, butterflies and spiders. We use two different measures of sexual selection that could lead to reproductive conflict given the fundamental differences between male and female interests. The important measure we need to establish is where the evolved mating pattern lies relative to the male and female reproductive optima; such optima are probably dynamic and difficult to identify; however, an almost consistent condition is that male reproductive potential exceeds that of females. Sexual selection therefore drives males to evolve strategies that differ from female optima and this divergence presents variance in sexual conflict. We adopt an approach exploring general and consistent measures of sexual selection and potential conflict. We acknowledge that there will be exceptions to our general predictions, but our broad analyses explore species diversity in relation to measures of sexual selection that quantify mating patterns and reproductive heterozygosity, and the potential for males to override female mate choice criteria. Conflict can generate two types of interrelated costs to females: either mating with an inferior/non-preferred male (indirect or genetic costs), or mating with excessive males (direct costs). Mating with non-preferred or too many males is a particular risk when males are bigger than females. Sexual size dimorphism can evolve for various reasons (see Andersson (1994) and § 4), but a number of studies have shown that relatively enlarged male body size can lead to female mating preferences being overridden by simple physical asymmetries (Smuts & Smuts 1993; Clutton-Brock & Parker 1995) . Accordingly, the degree of male-biased sexual size dimorphism is likely to be an informative predictor of the potential for generating a mating pattern closer to male optima. It is well documented that sexual selection can drive sexual size dimorphism (e.g. Lande 1980; Lindenfors & Tullberg 1998) and there is good evidence that body size asymmetries allow sexual coercion and conflict to operate during reproduction (Smuts & Smuts 1993; Clutton-Brock & Parker 1995) . We therefore use sexual size dimorphism as one fundamental and universal measure of the potential for malefemale conflict over mating optima, which enables representative taxonomic breadth to be analysed across mammals, butterflies and spiders. In many invertebrates females are bigger than males due to selection on fecundity; however, the relative size of the male to the female across taxa remains a useful predictor of the potential for males to combat female mate choice preferences. Spiders provide a particularly good example of a taxon where female choice cannot be overridden by non-preferred males as cannibalism is an established risk (Samu et al. 1999) , while mating patterns in many taxa involve male physical coercion of females where larger male body size may be an advantage (Elgar 1998) .
We further investigate levels of speciation in relation to variance in polyandry across mammals and butterflies using two measures that are strongly correlated with the evolved mating pattern: relative testis size in mammals and mean spermatophore count in butterflies. (Simple observational measures of mating pattern are not necessarily objective and natural reproductive behaviour, particularly successful mating, is notoriously difficult to study in detail). Level of polyandry dictates the probability of mulProc. R. Soc. Lond. B (2002) tiple-male gene flow through the population. When multimale gene flow persists, there may be increased potential for speciation due to greater genotypic variance (Gavrilets 2000; Gavrilets et al. 2001) ; alternatively, females may be less able to evolve reproductive isolation mechanisms (Parker 1979; Parker & Partridge 1998 ). An almost universal correlate of polyandry that is supported by a range of taxa (see Parker et al. (1997) which reviews 12 of 14 comparative studies concurring) is the relative (to male body weight) size of the testes: polyandrous taxa are selected to increase investment in testis size to produce more sperm for increased sperm competition and mating opportunities. Testis size has been described as the 'witness of the mating system' (Short 1997) . Accordingly, we use relative testis size as an index of polyandry for comparison across mammalian genera in relation to speciation.
Butterflies also provide an excellent system for exploring mating patterns because the male produces a spermatophore inside the female that persists (in most species) for the lifetime (and beyond) of the insect (Eberhard 1985; Svärd & Wiklund 1989) . It is therefore possible to sample wild populations and quantify the degree of polyandry sustained by that species. Spermatophore counts have been described as 'the best field data on remating frequencies' (Eberhard 1985) and provide an objective quantification of natural mating pattern which we can explore in relation to speciation across genera. In some butterfly taxa, there is good evidence that females can benefit nutritionally from spermatophore receipt (e.g. Pieris napi, Wiklund et al. 1998) and therefore some degree of polyandry. However, even in P. napi where polyandry clearly benefits females directly (Wiklund et al. 1998) , the male mating potential is significantly greater than the female natural mating frequency: P. napi males have a calculated potential reproductive rate that is 8-13 times greater than females (Wiklund et al. 1998) , despite evidence that female egg production benefits from some degree of multiple mating. Indeed, across seven temperate butterfly species with ad libitum mating opportunities, the male mating frequency always exceeded that of females (C. Wiklund, unpublished data). Apart from rare examples of role-reversed taxa (Gwynne & Simmons 1990) , the optimal mating frequency for males is greater than the level of polyandry, even in taxa where some degree of polyandry clearly benefits females. In monandrous taxa, we can conclude that females are not mating at the male optimum while in polyandrous taxa there is greater potential for mating patterns to have approached male optima. Sexual selection therefore evolves a realized mating pattern which quantifies the risk of multi-male gene flow through populations, and signals the potential position of the mating pattern relative to male and female optima.
METHODS (a) Data collation
Data were collated from the literature (see electronic Appendix A available on The Royal Society's Publications Web site). Mammalian body weights were derived from the CRC handbook of mammalian body masses (Silva & Downing 1995) . To avoid inter-population variance, only studies of species that cited both male and female weights from the same population were used to produce measures of sexual size dimorphism. Combin-ing all reliable data on male and female body weights, we were able to produce mean male and mean female body weights for 480 genera. Numbers of species per genus were counted from 'mammals of the world' (Corbet & Hill 1991) . Sexual size dimorphism for each genus was calculated as the residual mean male weight derived from a total linear regression of male on female body weights across 480 genera. Testis weight was derived from various literature sources (Kenagy & Trombulak 1986; Ginsberg & Rubenstein 1990; Harcourt 1991; Hosken 1997 Hosken , 1998 and species values were collated into generic means. Potentially confounding allometric relationships between organ and body weight were controlled for by calculating residual testis weight from the body weight regression across mammalian genera. (Body weights in this regression were only those male weights provided in the same testis-size literature sources.)
We concentrated on the butterfly fauna of Papua New Guinea as this has recently been described in consistent detail by Parsons (1999) . Furthermore, the island of Papua New Guinea represents a metapopulation model with sympatric potential for exploring diversity associations within this diverse fauna. Body size was measured as forewing span (wing span scales significantly with body weight in Lepidoptera (e.g. Morrow & Gage 2000) ). Again, generic means for male and female body size were calculated and sexual size dimorphism was the residual male wing span derived from the regression of male and female generic wing spans. The number of species per genus in the Papua New Guinean butterfly fauna were derived from Parsons (1999) . Spermatophore count data were compiled from the literature for 54 genera (data in Svärd & Wiklund (1989) , reviewed in Drummond (1984) ) (sample size per genus averaged 99 individuals and ranged from 10 to 1111 mated females). Mean spermatophore count was calculated for each represented butterfly genus. Because authorities differ in their interpretation of global butterfly taxonomic organization, the total number of global species per genus was determined from two compilations and analysed twice. First, we compiled a world list largely using Smart (1975) , with more recent modifications for some genera as reported by specific authorities, applied conservatively with respect to the number of 'good' species (Scott 1986; DeVries 1987; Larsen 1991; Corbet & Pendlebury 1992; Spencer-Smith et al. 1994; Tuzov 1997 Tuzov , 2000 Wahlberg 2000; Nylin et al. 2001) . Second, we derived global species number for our 54 genera from www.funet.fi/pub/sci/bio/life/intro.html, which has also collated data from published texts, reports, museum collections and personal communications with relevant experts. The main difference between the datasets is that in the more conservative former organization, fewer species are recognized in most genera. In some instances the datasets also differ in how genera are delimited.
We analysed the spider fauna of Britain and Northern Europe which has been consistently described in detail (Roberts 1996) . Again, generic means for male and female body size were calculated and sexual size dimorphism was the residual male body length derived from the regression of male and female generic body lengths.
(b) Comparative analyses
Species-level analyses can be misleading because of phylogenetic non-independence and evolutionary inertia (Harvey & Pagel 1991) . In this study, we adopt different approaches to control for phylogenetic association depending upon the taxon under investigation and its established phylogenetic information. PrimProc. R. Soc. Lond. B (2002) arily, we explore all relationships between traits at the genus level (because speciosity is measured as the number of species that have evolved within a genus) and this exercises a level of control for phylogenetic non-independence as generic relationships will be less constrained by association than comparisons between species (Harvey & Pagel 1991) . However, for all analyses we exercise further control on potential confounds from phylogeny. The mammalian phylogeny is relatively well described and we are therefore able to use comparative analysis by independent contrasts (Caic, v. 2) (Purvis & Rambaut 1994) . Caic generates contrasts in trait values at independent events from a user-coded phylogeny. For species diversity analyses in mammals we also use MacroCaic (a modified version of Caic (Agapow & Isaac 2002) ), which is specifically designed for analysing patterns of variance in clade richness. MacroCaic is increasingly conservative because multiple nodes in the phylogeny (where clade size could be variable) generate no contrast values, thus substantially decreasing the degrees of freedom. The mammalian phylogeny was coded by combining Novacek's (1992) higher level relationships with Corbet & Hill's (1991) lower level classifications. Because there is variance in the details of phylogenetic information between mammalian families, we maintained consistency and used a speciational model of evolutionary change, where all branch length segments are equal (Harvey & Pagel 1991) . To check for assumptions concerning the rate of evolutionary change in character values and that appropriate transformations had been applied (Purvis & Rambaut 1994) , we regressed absolute contrast values on their nodal estimates: all regression slopes were not significantly different from zero, apart from one regression of male and female body weight across 480 genera (107 contrasts) where p = 0.037. However, as multiple comparisons were performed within the analysis of absolute contrasts and nodal values, Bonferroni correction would mark this marginal result as non-significant by chance due to type I error.
Butterflies and spiders do not have the well-documented chronological phylogeny of the mammals. We therefore remove potential effects of phylogenetic inertia among lower-level taxa by using phylogenetic subtraction (Stearns 1983 ) within familylevel clades (whose existence and organization are more accepted (e.g. Ackery 1984; Roberts 1996) ). Essentially, any inertia associated with phylogenetic relatedness below the family level is removed by partialing away the mean character value for a family from each of its represented genera. The sum value of variance resulting from phylogenetic or taxonomic affiliation within each family is therefore reduced to zero and generic values are independent of effects of phylogenetic association following evolutionary radiation beyond the family level. These analyses are unable to explore associations deeper in the phylogenetic tree because calculated trait values at older points in the tree would be unreliable; therefore only more recently evolved trait values are analysed.
All trait values were log-transformed prior to analysis (Harvey & Pagel 1991) . To control for potentially confounding continuous associations (such as allometric correlations between species number and generic body sizes) we calculate residual values from any significant primary regressions before secondary analysis.
RESULTS
Our analysis results showed consistency irrespective of the method of phylogenetic control: we found no associ-ations between sexual size dimorphism and numbers of species per genus across 480 mammal, 105 butterfly, and 148 spider genera. We also found no evidence for associations between polyandry (as measured by residual testes size or spermatophore count) and speciosity in 72 mammalian and 54 butterfly genera. We therefore find no evidence for any effect of sexual conflict over mating pattern on speciation in spiders, butterflies or mammals.
(a) Mammals
Mammalian genera with heavier body weights contained fewer species (r 2 = 0.038, p = 0.046, n = 107 Caic contrasts) and this relationship was also significant at the genus level of analysis (r 2 = 0.07, p Ͻ 0.0001, n = 480). However, analysis with MacroCaic did not show any relationship between body mass and clade size (r 2 = 0.004, p = 0.69, n = 40 MacroCaic contrasts). Accordingly, we avoid any potential autocorrelations in body weight analyses by controlling for this body mass relationship and standardize to residual species number per genus before subsequent generic and Caic analyses, but not using MacroCaic analysis. (It is important to note that our speciosity results for the mammalian analyses were consistently nonsignificant irrespective of whether the absolute body size or clade size association was controlled for.)
Male and female body weights were strongly correlated across 480 mammalian genera (r 2 = 0.987, p Ͻ 0.0001, n = 480 genera, relationship: y = 1.024x Ϫ 0.003; r 2 = 0.9, p Ͻ 0.0001, n = 107 Caic contrasts, relationship: y = 0.99x Ϫ 0.069; r 2 = 0.99, p Ͻ 0.001, n = 40 MacroCaic contrasts, relationship: y = 1.04x ϩ 0.01). We calculate residual male body weights from these relationships to produce a measure of sexual dimorphism for each genus.
Sexual size dimorphism (residual male body weight) was not associated with the residual number of species per genus across 480 mammalian genera (r 2 = 0.004, p = 0.18, n = 480 genera; r 2 = 0.098, p = 0.31, n = 107 contrasts; r 2 = 0.002, p = 0.76, n = 40 MacroCaic contrasts).
Male body size was allometrically associated with testes weight across 72 mammalian genera (r 2 = 0.9, p Ͻ 0.0001, n = 72 genera; r 2 = 0.44, p = 0.0003, n = 26 contrasts) and the slopes showed characteristic negative allometry ( y = 0.76x ϩ 2.88 (genus relationship) and y = 0.57x ϩ 0.027 (contrasts relationship)) for organbody weight relationships. We therefore control for this allometry and calculate residual testes weight as a relative measure of the mating pattern sustained by a genus. There was no association between residual testes weight and residual numbers of species per genus across 72 genera (r 2 = 0.025, p = 0.18, n = 72 genera; r 2 = 0.08, p = 0.16, n = 26 contrasts; r 2 = 0.14, p = 0.47, n = 6 MacroCaic contrasts) revealing no tendency for mating pattern to influence speciation across mammals.
We regressed residual testes weight ('mating pattern') on residual male weight ('sexual size dimorphism') across 72 genera but found no evidence for any relationship between size dimorphism and mating pattern (r 2 = 0.011, p = 0.37, n = 72 genera; r 2 = 0.0001, p = 0.96, n = 26 Caic contrasts).
(b) Butterflies
We found no evidence across 105 Papua New Guinean butterfly genera that taxa with larger body sizes (as measProc. R. Soc. Lond. B (2002) ured by forewing span) contained fewer species (r 2 = 0.0018, p = 0.66, n = 105 genera) and so used absolute species number per genus in subsequent analyses.
Male and female forewing spans were strongly correlated across 105 genera (r 2 = 0.98, p Ͻ 0.0001, n = 105, relationship: y = 0.924x ϩ 0.24) and we calculate sexual size dimorphism as the residual male values per genus from this regression.
Sexual size dimorphism (residual male wing span) was unrelated to the numbers of species per genus across 105 butterfly genera (r 2 = 0.01, p = 0.44, n = 105 genera; r 2 = 0.004, p = 0.49, n = 105 phylogenetically subtracted generic values). Mean spermatophore count was also not associated with numbers of species per genus across 54 worldwide butterfly genera using two speciosity estimates as described in § 2 (r 2 = 0.0005, p = 0.87, n = 54 genera and r 2 = 0.011, p = 0.45, n = 54 genera) and phylogenetic subtraction did not affect this finding (r 2 = 0.017, p = 0.36, n = 53 and r 2 = 0.027, p = 0.24, n = 53). (We were not able to regress size dimorphism on spermatophore count across the global butterfly spermatophore count dataset because there are insufficient precise measures of male/female body size for those species with spermatophore count data.)
(c) Spiders
We found no evidence across 148 spider genera of northern Europe that taxa with larger body sizes (as measured by body length) contained fewer species (r 2 = 0.003, p = 0.53, n = 148) and so used absolute species number per genus in subsequent analyses.
Male and female body lengths were correlated across 148 genera (r 2 = 0.86, p Ͻ 0.0001, n = 148, relationship: y = 0.833x ϩ 0.058) and we calculate sexual size dimorphism as the residual male values per genus from this regression.
Sexual size dimorphism (residual male body length) showed no association with the numbers of species per genus either at the generic level (r 2 = 0.006, p = 0.36, n = 148) or after phylogenetic subtraction (r 2 = 0.006, p = 0.38, n = 130).
DISCUSSION
Our comparative analyses lend no support for the theory that sexual selection, multi-male gene flow and potential conflict over mating pattern and mate choice have influenced speciation. Speciosity is unaffected by the relative sizes of males to their conspecific females in three major taxa. Mating pattern and level of polyandry are also not associated with the numbers of species that have evolved within a genus across mammals and butterflies.
There are a number of interpretations for our results but, importantly, it seems highly improbable that non-significance arose due to lack of statistical power. Our comparative analyses were based on relatively large datasets (data on species within 480 mammalian, 105 butterfly and 148 spider genera for size dimorphism analyses; and 72 mammalian and 54 nymphalid butterfly genera for mating pattern analyses; see electronic Appendix A) using three taxonomic groups and two measures of the potential for sexual selection leading to the potential for multi-male gene flow, and conflict within mating patterns and mate choice. It is possible that sexual size dimorphism or measures of polyandry do not actually relate to sexual conflict over evolved mating patterns. However, polyandry is a direct measurement of the potential for multi-male gene flow within populations, and there is much evidence from both within-species and comparative studies that these measures are likely indicators of the existence of, or at least potential for, mating conflict between females and males (Smuts & Smuts 1993; Clutton-Brock & Parker 1995) . Male-biased sexual size dimorphism is also associated with mating systems across haplorhine primates (Lindenfors & Tullberg 1998) and butterflies (Wiklund & Forsberg 1991) . Sexual size dimorphism can clearly be selected for by male-male competition and/or female mate choice (Andersson 1994) . However, given that male potential reproductive rate and mating frequency invariably exceed that of females, we would expect there to be parallel selection in such cases on males to use any size advantage to mate closer to their own optimal frequency (which will invariably be greater than that of the females).
Measures of mating pattern are likely to indicate the level of sperm competition and therefore the representation of different males' sperm, or genes, at fertilization (Birkhead & Møller 1998) and the probability that males have driven the mating pattern above the female optimum. This measure therefore predicts the position that the mating pattern occupies relative to theoretical male and female optima. We cannot envisage practical measures of sexual selection and conflict over mating frequency that are more informative than sexual size dimorphism or mating pattern, and which could be analysed using a global macroecological approach with such representative datasets.
Our findings differ from two other comparative studies exploring speciation in relation to sexual conflict. In a comparative study of passerine birds, there is evidence that species diversity is higher in sister groups where sexual selection has increased sexual dichromatism (Barraclough et al. 1995; Owens et al. 1999) . Although these analyses indicate a link between speciation and sexual selection in general, it is not clear how the results might fit with sexual conflict models, because the true measure of mating pattern conflict is the degree of polyandry (or the intersexual asymmetry in the existing mating frequency optima and therefore relative flow of non-preferred male genes). Sexual dichromatism is one phenotypic result of sexual selection, but it is not clear how such male traits influence polyandry. Arnqvist et al. (2000) focused more directly on sexual conflict arising from mating pattern itself, and found that polyandrous insect genera contained four times as many species as monandrous relatives. Arnqvist et al. (2000) conducted an analysis with a theoretical background that sought only to explore monandry versus polyandry contrasts as the potential for sexual conflict. Accordingly, our sexual size dimorphism analyses may have little relevance to the Arnqvist et al. (2000) findings. However, our results analysing mating pattern (spanning monandry to polyandry) in butterflies and mammals are relevant to the results of Arnqvist et al. (2000) . As our analyses are restricted to two single taxa (mammals and butterflies), it is possible that our study does not have the breadth of Arnqvist et al. who explored Proc. R. Soc. Lond. B (2002) across all insects using 25 contrasts. However, while our study lacks such breadth across insects, we have explored across both taxa in depth using two accepted measures of degree of polyandry. Furthermore, our general analyses reduce any specific bias from other forces (such as ecology) known to drive speciation to confound our results. Arnqvist et al. (2000) used comparisons between groups that varied in their degree of relatedness (because of the constraint from variable information in mating pattern across insects) to produce 25 contrasts. There is increased potential for these specific comparisons across the more variant Insecta to be influenced by specific differences in, for instance, niche availability (and hence potential for incipient speciation) between sister groups. Another contrast with Arnqvist et al. (2000) is that we use all the variance in speciosity and measures of sexual conflict in regression-based analyses; this allows us to determine both whether there is an effect, and also the magnitude of the effect. Arnqvist et al. (2000) analyse only whether or not results go in the predicted direction, and results will also be heavily influenced by parametric contrasts of taxa exhibiting major differences. Interestingly, these authors found the strongest support from the butterflies, which is the taxon we studied in more detail here. One possibility is that the driving effects on speciation of either conflict theory (which are predicted to go in opposite directions) effectively cancel one another out. If both processes generate reproductive isolation, then speciosity in polyandrous clades may be more or less diverse than monandrous taxa, resulting in no perceptible differences.
Our findings could be explained if sexual selection and conflict over mating pattern is an effect, rather than a cause, of incipient speciation arising due to other, more profound, forces; for example, if expanding clades tend to evolve polyandry. Thus, the mating pattern will be a consequence, not a driver, of speciation. There is also the possibility for traditional taxonomic methods to be confounded by an indirect signal of mating pattern so that apparent levels of speciosity are confounded by morphological cladistics (if, for example, mating pattern and sexual selection relate to morphology, which determines how species in clades are organized). One means to explore this potential would be to compare genetic relatedness of species in comparable monandrous and polyandrous genera.
Selection and conflict at the mating level is paralleled at the gametic level by sperm competition and cryptic female choice (Parker 1970; Eberhard 1996; Stockley 1997; Birkhead & Møller 1998) . There is potential for females to override reproductive actions at the whole animal level with adaptations at the cryptic level of the gamete. Accordingly, situations where males are potentially overriding female mate choice and multiply mating may not translate into actual multi-male gene flow because of cryptic female choice and control. There is good evidence, for example, in sperm competitions between Chorthippus parallelus subspecies, that homogamic (within-subspecies) fertilizations were more successful than heterogamic (hybrid) fertilizations, indicating female preference for homogamous fertilizations and/or decreased competitiveness of sperm from hybrid males (Hewitt et al. 1989) . Detailed examinations of sperm-egg interactions in D.
melanogaster show that gametic incompatibilities between races could be an isolating mechanism during incipient speciation (Alipaz et al. 2001) . The environment of the female reproductive tract presents a range of opportunities for females to evolve adaptations that override reproductive activities at the whole animal level (Eberhard 1985; Stockley 1997; Birkhead & Møller 1998) . Nevertheless, the very fact that males continue to show persistence against female resistance implies that males succeed against cryptic processes, at least some of the time, and clear empirical demonstrations of cryptic female choice have yet to differentiate between male and female effects (e.g. Simmons et al. 1996) .
In summary, we find no evidence that two measures of sexual selection, which potentially lead to variance in multi-male gene flow and sexual conflict, are associated with the degree of speciation across mammalian, butterfly and spider genera. If sexual size dimorphism and/or measures of mating pattern are predictors of the strength of sexual selection, and the level of multi-male gene flow or status of male-female conflict, we find that speciation occurs independently of sexual selection, and rather via naturally selected processes of speciation that are well recognized (Mayr 1963 ).
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